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Abstract
This study began with a general survey of Washington Mountain that identified
the stratigraphic units outcropping. While doing so, the Wedington Member of the
Fayetteville Shale and the Pitkin Limestone were both found on the north face. Both
units had been previously mapped as pinching out further south.
The discovery of a fossil bed in the upper portion of the Cane Hill on Washington
Mountain provided a rare opportunity to study the ecology of early Pennsylvanian fauna.
Though the sandstone bed was poorly preserved, 14 separate genera were identified and
their ecological niches were compared in an effort to establish the invertebrate
community that comprised the bed. Genera identified consisted of Composita, Dielasma,
Rhyncopora, Delocrinus, Acrocrinus, Perimestocrinus, Echinocrinus, Rhombopora,
Septopora, Amplexus, Straparollus, and Paladin. These are all typical of a Lower Reef
Slope community. These organisms tended to occupy clear, warm, shallow waters some
distance from shore. The more fragile among them suggest they occupied the calmer
waters below the wave base. Deeper-water organisms such as Paladin suggest a depth
close to 50 meters. The presence of the exotic minerals zircon, plagioclase, muscovite,
and phyllite suggest a deltaic influence into the area. As a whole, this site is consistent
with the transgressive marine setting of previous interpretations of the Fayetteville
Quadrangle.
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Introduction

The geology of Fayetteville, Arkansas is exposed, in part, due to the Ouachita
orogeny which faulted and uplifted the area creating the many mountains on which the
city rests. These mountains have exposed rocks Mississippian to Pennsylvanian in age.
Of particular interest in this paper are the outcrops of the Morrow Group exposed around
the city. The Morrow Group sits on top of the Mississippian age Chesterian, and it is
overlain by the Atokan. That the city is also the location of the University of Arkansas
has ensured that surrounding geology has been well studied over the past century. This
has led to a history of classification.
Geologic History
Initial surveys of the area were to assess its general geology and economic
potential. To that extent, small seams of coal and iron ore were examined (Owen, 1858).
A series of sandstones and shales between the Archimedes and Pentremital Limestones
that contained fossil plant matter similar to that of the true-bearing coals, like the modern
day Woolsey, were of particular interest. As a whole, these units were referred to as the
Boston Group. The next survey into the area did not occur until 1888 where the rocks of
Washington County were again assessed for their economical uses with emphasis on their
coal-bearing potential. At this time, the various units identified by Owen were given
formal definitions as the Fayetteville Shale, the Batesville Sandstone, the Marshall Shale,
the Archimedes Limestone, the Washington Shale and Sandstone, and the Pentremital
Limestone by F.W. Simonds (Branner, 1891). It should be noted that the Washington
Shale and Sandstone refer to the same coal-bearing units identified by Owen in 1858.
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The next study of the area resulted in the renaming of the Boston Group to the
Morrow Formation, defined as the units between the Archimedes Limestone and the
Winslow (Adams and Ulrich, 1904). Also, despite some evidence of Mississippian fauna
in the lower portions, the coherence between the fauna of the (later called) Brentwood
and Kessler limestones was evidence that the entire Morrow was Pennsylvanian in age
(Adams and Ulrich, 1904). In the same study, the Batesville Sandstone was included in
the Fayetteville Shale as the Wedington Member. In a later study by Taff the
Washington Sandstone was renamed the Hale Sandstone lentil after the exposure at Hale
Mountain (1905). Despite being the type locality for the sandstone, Washington was
already taken for a formation name and therefore, with prominent exposure at Hale
Mountain, the name Hale Formation was chosen (1905). After being assigned to the
Morrow Group, the Hale was split into the Hale Formation and the Bloyd Formation with
the Bloyd consisting of the series of dark shales and intermittent limestone members up
to the base of the Winslow Formation (Purdue, 1907). At this time, the limestone
members of the Bloyd were defined as the Brentwood and Kessler members. With one
last paper in 1915 by Purdue mapping the Eureka Springs-Harrison quadrangles, the first
mapping era in northwest Arkansas came to an end. The last major reorganization of the
northwest Arkansas stratigraphy defined the two distinct members of the Hale; a lower,
more silty, calcareous layer called the Cane Hill and a massive, sandy unit with
intermittent limestones, which also included parts of the Brentwood, was termed the
Prairie Grove (Henbest, 1953). In the same study, the coal-bearing shale of the Bloyd
was given the name Woolsey. Further studies into the area would focus primarily on
correlating the biostratigraphy rather than assessing the nature of the rocks themselves.
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While sections of Kessler and Pitkin limestones were known for their fossil fauna,
little work was carried out studying the fossil life present in the Fayetteville area. Due
the transitional nature of the fauna, the strata of the Morrow group were initially thought
to be Mississippian in age. This would not be corrected until 1904 when the fauna of the
Kessler were determined to be related to the Pottsville in age by correlating the Caney
shale with the Bloyd, resulting in the formation being reclassified as Pennsylvanian
(Ulrich). In 1930, K.F. Mather did an in-depth study of the Morrow fauna, identifying
158 species, 79 of which were previously unidentified. Mather noted that the fauna was
highly transitional from the Mississippian with distinctly Mississippian fauna such as
Archimedes and Pentremites present up to the Brentwood while some distinctly
Pennsylvanian fauna such as Meekella and Worthenia are not found until the Kessler.
Faunal studies of the Fayetteville area would pick up again in the 1960s under
Gordon, Quinn, and Manger with the primary focus on the biostratigraphy of the units
based on cephalopod and ammonoid faunas. In 1964, Gordon identified a Reticuloceras
Zone in the upper Cane Hill and lower Prairie Grove which is equivalent to the R1 Zone
for Reticuloceras in Great Britain. This marked the first time that Reticuloceras was
found in the United States. Gordon performed an additional study in 1965 tabulating the
cephalopods in the Cane Hill and Prairie Grove making note that outside of redeposited
Mississippian goniatites in the lower conglomerate, cephalopods are rare in the Cane Hill
but common in the Prairie Grove. Further study of the goniatites in 1969 led to the
discovery of nine species of cephalopods in the upper portion of the Cane Hill and lower
Prairie Grove (Gordon).
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During this same period, Quinn was also studying the ammonoid zones of the
Morrow formation. This works culminated in his 1970 paper that divides the Cane Hill
into two different zones based on assemblages of Syngastrioceras, Cymoceras, and
Homoceratoides in the lower zone and assemblages of Reticuloceras, Retities, and
Hudsonoceras in the upper zone. In addition, four biostratigraphic horizons were
identified in the Bloyd based on the presence of Branneroceras and Boesites, in addition
to the lithology of the Bloyd members. Manger further subdivided the Prairie Grove into
two zones based on Retites semiretia and Akanites relictus (1971). Further studies into
the Morrow included conodont successions that were indirectly tied to the cephalopod
zones (Liner, 1979).
The Problem
Despite how thoroughly studied the Morrow is, locally, there are still some
deficiencies in our knowledge. To start with, the type-section for the Cane Hill, formerly
referred to as the Washington sandstone and shale on Washington Mountain, has not been
properly surveyed since the U.S.G.S. survey in 1888. And while biostratigraphic studies
are common, there are no local paleoecological studies of the Morrow. Compounding
this problem, fossil beds in the Cane Hill are rare. Because of this, there is a dearth of
information on the nature of the fauna in the Cane Hill. This study will attempt to rectify
this situation by documenting the stratigraphy and paleontology of a, previously
undiscovered sandstone fossil bed located near the top of the Cane Hill Member of the
Hale formation outcropping at the summit of Washington Mountain (Figure 1).
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Figure 1—Photograph of cave containing fossil bed on Washington Mountain
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Geologic Setting
This focus of this study is an outcrop near the top of the Cane Hill Member on
Washington Mountain located at the W !, SE ", sec. 19, T16N, R30W in the
Fayetteville Quadrangle (Figure 2). Three units of rock comprise Washington Mountain:
the Fayetteville Shale, the Pitkin Limestone, and the Cane Hill Sandstone and Shales
(King, 2001). The Fayetteville Shale is informally divided into three members: the
upper Fayetteville Shale, the Wedington Sandstone, and the lower Fayetteville Shale
(Figure 3). The base of Washington Mountain is comprised of the lower Fayetteville
Shale, which King (2001) describes as a black, fissile shale with an abundance of
septarian concretions at its base. These concretions can range from gravel-to-boulder
sized. Iron concretions a few centimeters in size also occur throughout the lower
Fayetteville. The Fayetteville is a fossilifferous unit with the rare brachiopods and
mollusks associated with more common goniatites and nautiloids (King, 2001).
The Wedington Sandstone is a relatively thin, tan to gray, hard, very fine to
medium grain, cross-bedded siliceous sandstone (King, 2001). It features both a
conglomerate and fossilifferous limestone containing many brachiopods. Much more
resistant to weathering than the other members of the Fayetteville, it tends to form small
bluffs or benches. The Wedington Member was not mapped on Washington Mountain
(King, 2001).
The upper Fayetteville occurs as a thin band roughly 100 feet from the top of
Washington Mountain. Like the lower member, it is a black, fissile shale containing
small iron stone concretions that weather to an orange color (King). Both the upper and
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Figure 2—Portion of the Fayetteville Quadrangle Map showing Washington Mountain
located at W !, SE ", sec. 19, T16N, R30W (King, 2001).
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Stratigraphic Column of Washington Mountain

Figure 3
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lower members of the Fayetteville formation readily weather into clays and form deep,
narrow streambeds with muddy bottoms (King, 2001).
The Pitkin Limestone is a gray-to-white, fine-to-coarse grained oolitic, bioclastic
limestone that is 0 to 12 meters thick in the Fayetteville area (King, 2001). Highly
fossilifferous, the Pitkin was originally identified as the Archimedes limestone due to the
presence of the bryozoan. Other fossils present in the formation include crinoids,
brachiopods, corals, bivalves, gastropods, cephalopods, trilobites, conodonts, and shark
teeth (King, 2001). On Washington Mountain, the Pitkin is very thin, pinching out to the
North, and is mapped as only being exposed on the southern face of the mountain (King,
2001).
The Cane Hill member is a sequence of interbedded sandstones and silty shale
with intermingled, thin lenses of limestone and a conglomerate at its base (Manger,
1971). The conglomerate is composed of limestone pebbles, likely a remnant of the
Pitkin after it was exposed and eroded (King, 2001). The Cane Hill also includes a tidal
flat interval three to five meters thick and is composed of sandstone ripples in a matrix of
silty shale (King). The uppermost portion is a tan, thick-bedded, ripple-marked, medium
grain, siliceous sandstone. This is a slightly fossilifferous unit containing an abundance
of trace fossils in the form of tracks and trails and sand-sized echinoderm fragments
(Manger, 1971). Occasionally, casts of Spirifer, Composita, and Squamularia are also
present (Henbest, 1953). The Cane Hill occupies the uppermost portion of Washington
Mountain with the thickly bedded siliceous sandstone outcropping near the summit and
evidence of the conglomerate and shales occurring in streambeds. The Cane Hill was

10

deposited during a period of transgression and has been described as a shallow, subtidal,
tidal shelf (Liner, 1979).

Methods
Materials Used
Garmin 60CSx GPS
Meter stick
T-stick ruler
White chalk
Canon Rebel SX
Canon PowerShot D10
Canon PowerShot SD630
Adobe Photoshop
Rock Hammer
Chisels varying in size
Table 1—Materials used to survey Washington Mountain

Fieldwork for this study was divided into two components: a geologic survey of
Washington Mountain to identify the outcropping units and the mapping of the fossil bed.
Units were identified in the field based on the description in King’s geologic map of the
Fayetteville quadrangle (2001). This provided a baseline for constructing the
stratigraphic column of the mountain and to identify the area of interest. Because the
only area where rocks outcrop is at the summit, cobbles in the stream beds that cut the
entire height of Washington Mountain were used to identify the units.
The composition of the cobbles were observed starting at the bottom of the north
face and working up to the south. When the character of the cobbles changed with the
identifying rocks ceasing to appear, the top of the unit was mapped at that elevation using
a Garmin 60CSx. Due to the presence of shale in the Cane Hill and upper Fayetteville, it
was impossible to determine the exact elevation of the top of the lower Fayetteville and,
thus, the bottom of the Wedington. Instead, the top of the Wedington was located and the
maximum thickness of the Wedington was assumed to be the thickness of the outcrop on
11

Washington Mountain. The Wedington Sandstone was identified by the presence of
highly fossilifferous, red limestones. The Upper Fayetteville was identified by the
presence of small iron concretions that weathered orange. The Pitkin Limestone was
identified by the presence of sheets of fossilifferous, grey limestone. The Cane Hill was
identified by the presence of a cobbled limestone conglomerate at its base and the
outcropping sandstones at the summit. Due to the lack of units in outcrop, the
approximate location within the Cane Hill was determined by taking the maximum
thickness of the Cane Hill, 55 feet, and comparing it to the total thickness of the Cane
Hill found on Washington Mountain.
The target bed is located on the roof of a small cave near the summit of the
mountain formed by a large slab of Cane Hill sandstone. The slab has broken off from
the rest of the formation and slid down the mountain a short distance. In doing so, the
slab split along a bedding plane and created a gap. The small cave that formed has
preserved the exposed bed.
The fossil bed was divided into a grid of twenty squares with each square .5
meters x.5 meters. The grid was made using a meter stick with a t-square taped to the
zero end. It was then built by aligning the meter stick perpendicular to the entrance of the
cave, oriented towards the back of the cave, and drawing a line with chalk the length of
the meter stick. The location of the half meter mark was determined and the meter stick
was placed parallel to the entrance to the cave along that point and a line was drawn in
chalk to the .5 meter point. These two steps were repeated until the roof of the cave was
mapped. Some portions of roof could not be mapped this way due to interference from
the lower slab and were ignored for the purposes of this study. Starting with the down
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slope square at the entrance to the cave and moving horizontally across the down slope
face each grid was numbered from one to twenty. When the row terminated into the wall,
the next number was assigned to the first square nearest to the entrance in the row above
the current row. Each square was then photographed with a Canon Rebel SX. Due to the
low ceiling some squares could not be photographed as a single frame and were instead
divided into multiple pictures overlapping with surrounding squares to provide
orientation. All squares were then compiled into a scale mosaic using Adobe Photoshop
CS2 (Figure 4).
Each was square was then viewed on a large screen for potential fossils. Any
fossils identified this way were numbered and classified into Gastropod, Brachiopod,
Crinoid, Echinoid, or other and given a short description. In addition, its location was
marked on a separate map of the square. Using this map and description, each fossil was
located in the field and photographed individually using a Canon PowerShot D10. Due
to the potential to miss prominent fossils in the preliminary identification, any discovered
in the field were photographed with a PowerShot SD630 and noted in the field book.
Any false identifications from the preliminary step not found in the field were discarded.
Fossils were sorted for best preservation and compared visually to examples from
Index Fossils of North America and Mather’s Fauna of the Morrow Group. Fossils were
identified down to genus and, when possible, a species name was also proposed. Only
genera and species listed as from the Morrow Group or the Hale Formation were
considered during identification. Fossils that could not be classified down to genus were
left with the general classification given during preliminary identification.
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Figure 4—Photomap of fossil bed at N36ø 2.739’, W94ø 11.941’ . North is facing
the bottom, pointing down-slope.
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In addition to fossil identification, samples from the target bed and surrounding
layers were taken for thin section. Six samples were taken: from the upper portion of the
sandstone layer across from the cave, from the bottom of the sandstone layer across from
the cave, from the calcareous layer across from the cave, from the sandstone below the
calcareous layer across from the cave, from the sandstone layer directly above the fossil
bed, and from a portion of the fossil bed in section 15. Samples were sent to Spectrum
Petrographics for thin section preparation. Thin sections were examined under
microscope to identify major and minor mineral constituents as well as to identify grain
size and orientation. However, percentages of mineral constituents were not determined.
Results
Shale debris is present in the streambed along the entire length of the mountain
making it impossible to determine the full extent of the lower Fayetteville Shale outcrop
on Washington Mountain. Large, gray sandstone cobbles and boulders are also present
along the entire length of the streambed. At 1367 ft, a dark brown, thinly bedded
sandstone with fossil bryozoans is present (Figure 5). Dark, gray sandstone topped by a
red layer containing Archimedes is also present. At 1381 ft, the water has pooled and soil
color changes from red to brown. This represents the top of the Wedington. At 1385 ft,
small iron concretions are present in the debris. At 1388 ft limestone cobbles from the
Pitkin are found. At 1413 ft, a sandstone boulder containing petrified plant matter is
found (Figure 6). At 1422 ft no more iron concretions are present. At 1425 ft, a 5-inch
thick slab of limestone containing Archimedes and other bryozoans is present. This
marks the Pitkin Limestone and the end of the Upper Fayetteville Shale. This also marks
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A)

B)
Figure 5—Changes in Rock Type Across Washington Mountain
A) Map View
B) Cross Section View
1: Lower Fayetteville Shale; 2: Top of the Wedington Sandstone Member; 3: First
evidence of Upper Fayetteville Shale; 4: First evidence of Pitkin cobbles; 5: Evidence of
Upper Fayetteville Shale; 6: Pitkin outcrop located; 7: Pitkin evidence in second
streambed; 8: Evidence of Pitkin ceases; 9: Large piece of Cane Hill Conglomerate
facies found; 10: Cease to find evidence of Cane Hill Conglomerate; 11: Outcrop of
Cane Hill on top.
16

Figure 6—Fossilized plant matter
from Cane Hill
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the end of the streambed. The rest of the elevations provided are from the west-most
streambed. At 1434 ft, randomly distributed fossilifferous limestone cobbles are present.
At 1445 ft, all evidence of limestone ceases. At 1460 ft, a large chunk of conglomerate is
found. At 1463 ft, no more evidence of the conglomerate is present. This marks the end
of the traversable part of the streambed. Slabs of dark grey sandstone cover the hillside.
At 1516 ft, there is an outcrop of crossbedded, tan-to-grey sandstone. Very thin,
calcareous lenses are present in this sandstone.
The general mineral components of the Cane Hill outcrop was determined by
examining samples from various layers in thin section (Figure 7). See Table 2 below.
Sample #

Sample Location

Slide 1

Above calcareous layer
across from cave

Slide 2

Sandstone below fossil
bed

Slide 3

Calcareous layer across
from cave

Slide 4

Sandstone below
calcareous layer

Slide 5

Sandstone above fossil
bed
Sample from section 15
of fossil bed

Slide 6

Grain Components
Phyllite, interlocking grains of quartz, clay
particles, zircon, muscovite, plagioclase
Clay matrix, abundant plagioclase,
muscovite
Abundant clay, plagioclase, muscovite,
bryozoan fragment
Phyllite, muscovite, clay, abundant
plagioclase, zircon, interlocking quartz
Interlocking quartz, plagioclase, clay, zircon
Phyllite, abundant clay, muscovite

Table 2—Thin Section Compositions

The key goal of this study was to determine the ecology of Washington Mountain
during the early Pennsylvanian based on the fossils present. To that extent, genera were
compared to several different communities including the Composita Community, Upper
Reef Slope Community, Lower Reef Slope Communities, Coral and Brachiopod
Calcarenite Communities as described by McKerrow and Bair and Derbiya assemblages

18

A

B

C

D

E

F

Figure 7—Thin Sections in quartz matrix
(A) Zircon (B) Phyllite (C) Muscovite (D) Plagioclase (E) Bryozoan
(F) Interlocking quartz grains
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as described by Moore (1964) (Table 3). A Composita Community was described as
quiet, warm, shallow water, slightly hypersaline environment (McKerrow, 1978).
McKerrow also described the Upper Reef Slope Community as a well-aerated, turbulent
sea and the Lower Reef Slope Community as a warm, deeper-water, tranquil
environment. Coral and Brachiopod-Calcarenite Communities were described as warm,
shallow, clear water communities (McKerrow, 1978). The Beil assemblage is described
as a clear, shallow-water environment perhaps 20 meters deep and 50 to 100 miles from
shore (Moore, 1964). The Derbiya assemblage is described as a normal-saline, lowturbulence environment located far from shore (Moore, 1964).
Prior to identifying the fossils, the bed was photographically mapped (Figure 4).
From this, 212 individual fossils were identified. Due to poor preservation of the bed
many probable fossils were not considered. 14 separate genera were identified in the
study area, including 3 species of brachiopod, 2 species of bryozoa, 1 species of coral, 4
species of crinoid, 1 species of echinoid, 2 species of gastropod, and 1 species of trilobite.
Genera identified included Composita, Dielasma subspatulatum, Rhyncopora
magnicosta, Amplexus corrugatus, Acrocrinus pirum, Delocrinus, Perimestocrinus
pumilis, Echinocrinus, Straparolus, Paladin, and an unidentified species of gastropod and
crinoid. In addition to these, crinoid stems with holes bored into them were also present,
suggesting the presence of Platyceras (Baumiller, 2003)(Figure 8).
The genus Composita (Plate 1) has a wide ecological niche. It has been identified
in shallow, warm, slightly hypersaline waters as a part of the Composita community
(McKerrow, 1978). It is also common to clear, somewhat deeper, more turbulent,
transgressive waters as found in coral-calcarenite communities and brachiopod-
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Comparison of Habitats for Identified Genera
Relative
Abundance
in Bed

Genus

Composita
Dielasma

Rare
Common

Rhynchopora

Rare

Rhombopora

Common

Septopora

Rare

Amplexus

Rare

Delocrinus

Common

Acrocrinus

Uncommon

Perimestocrinus

Uncommon

Echinocrinus
Straparollus
Paladin

Normal habitat
Distance
to Shore
Near
Shore
Far Shore
Near
Shore
Far Shore
Far Shore

Water
Depth
Shallow
to Deep

Rare

Turbulence

Water
Temperature
Warm,

Slightly
hypersaline

Low to High
Turbulence

Shallow
to Deep

Slightly
hypersaline

Low to High
Turbulence

Warm

--

--

--

Warm

Far Shore

Shallow
to Deep

Low
Turbulence

Warm

Near
Shore
Far Shore
--

Shallow

Normal to
slightly
hypersaline
Normal to
slightly
hypersaline
--

Low to High
Turbulence

Warm
Warm

Far Shore

Shallow
to Deep

--

--

Normal to
slightly
hypersaline
--

Low
Turbulence
Low
Turbulence

Warm

Far Shore

Deep

--

--

Deep

Near
Shore
Far Shore
Far Shore

Shallow
to Deep

Normal to
slightly
hypesaline
Normal to
slightly
hypersaline
--

High
Turbulence
Low
Turbulence
--

Shallow

Common
Uncommon

Salinity

Shallow
to Deep

Table 3—Comparison of genera
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Warm

Warm to Cold
Warm

Low to Hight
Turbulence

Warm

Low
Turbulence

Warm

Figure 8—Crinoid stem with holes bored into it.
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calcarenite communities. Moore has described them in both Derbiya and Beil
assemblages which include weakly flowing currents, a muddy bottom no deeper than 20
meters, slightly saline, and located far from shore (1964).
Dielasma (Plate 1) is common to shallow waters bearing little organic detritus
(McKerrow, 1978). These waters are well-aerated and somewhat turbulent as
characteristic of an upper reef slope community. It has also been defined in clear,
shallow, sunlit environments, with weakly flowing currents and a muddy bottom located
far from shore; a Beil-type assemblage as well as the slightly saline waters of the Derbiya
assemblage (Moore, 1964). Hoterhoff identified Dielasma as living below the wave base
at deeper waters free of oscillations (1997).
Rhynchopora (Plate 2) is a less-studied brachiopod identified as living in warm,
transgressive marine settings (Cisterna et all, 2006).
Septopora (Plate 2) has been defined as living in offshore, euryhaline
environments characteristic of the Derbiya assemblage (Moore, 1964). It has also been
found in areas interpreted as clear, shallow, sunlit waters with a weakly flowing current
and a muddy bottom of the Beil assemblage. Septopora is further present in crossbedded
sandstones, indicating shallow waters with strong directional currents.
Rhombopora (Plate 2) has a wide ecological niche and has been identified in
Derbiya and Beil-type assemblages occupying both deeper and shallow waters (Moore,
1964). Moore has further characterized it as occupying open marine waters of low
turbulence and normal salinity with regular clastic influxes (1953). Rhombopora is
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estimated to have lived at depths of approximately 20 meters. In addition, Rhombopora
and Septopora are commonly found within the same communities.
Amplexus (Plate 3) was present in deeper, more tranquil waters containing finer
sediments typical of Lower Reef Slope Mollusc and Gastropod communities (McKerrow,
1978). In addition to finer grains, Amplexus occupied softer sediments such a lime mud.
It is the typical constituent of Carboniferous reef communities.
Acrocrinus (Plate 4) is a poorly studied crinoid. It has been identified in settings
where the seafloor was smothered with sediments (Horowitz and Waters, 1972). Samples
of Acrocrinus from previous finds appear to have undergone rapid burial implying
currents were also a factor. Like other crinoids, it was a filter feeder attached to the
bottom of the sea floor.
Delocrinus (Plate 3) was a benthic filter feeder present in Lower Reef Slope
communities described by McKerrow in 1978. These were described as deeper water,
low turbulence environments situated on soft, and limey mud. Delocrinus has also been
found in euryhaline communities far from shore, as characterized by Derbiya
assemblages (Moore, 1964). Delocrinus is further present in clear, shallow, sunlit
communities with a weak current. Delocrinus was somewhat fragile and thus found
below the wave base (Hoterhoff, 1997).
Perimestocrinus (Plate 4) was a benthic filter feeder found in a Type II
assemblage (Heckel et all, 1979). A Type II assemblage is described as an offshore
environment in water chilled due to glaciation. Type II assemblages occur past the
thermocline, suggesting depths of at least 100 m. It has also been described as common
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to the same environments as Delocrinus, signifying a much larger niche than just Type II
assemblages.
Echinocrinus (Plate 4) was an echinoid found in marine transgressive sequences
(Ferguson, 1962). It occupied tropical to subtropical environments with tolerances to
gradual changes in salinity. Echinocrinus is also present in shales, implying deeper water
assemblages.
The genus Straparollus (Plate 5) was present in a variety of niches. It commonly
occupied shallow, well-aerated reefs with strong currents typical of an Upper Reef Slope
community (McKerrow, 1978). It was also present in warm, shallow, slightly
hypersaline waters with muddy bottoms characteristic of Composita communities.
However, Straparollus was also found in clear, shallow, sunlit waters far from shore with
weakly flowing currents typical of Beil assemblages (Moore, 1964).
Paladin (Plate 5) is a trilobite that occupied a wide environmental niche, but
primarily existed in benthic communities as a scavenger. Paladin is present in clear,
turbulent waters typical of a Coral-calcarenite community (McKerrow). However, it has
also been defined in Beil assemblages with much less turbulent water (Moore). Despite
its presence in shallow waters from units such as the Pitkin Limestone, Paladin is
considered to have most commonly occupied low-energy, deep-water environments near
or at the edge of the shelf (Brezinski, 2008).
Discussion
Despite its proximity to the University of Arkansas, Washington Mountain is a
seldom-studied locality. A general survey of the area occurred in 1888 and further
structural and stratigraphic studies in Fayetteville have surveyed the rocks and fossils that
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can be found at Washington Mountain, but there is a dearth of information concerning the
mountain itself. The focus of this study was on a previously undocumented fossil bed and
only a basic survey of the stratigraphic column for the northern face of the mountain was
done during this study. In addition, the preservation of the fossil bed itself is rather poor,
thus limiting what knowledge can be gained.
Previous studies into Washington Mountain listed only the upper and lower
members of the Fayetteville Shale and the Cane Hill outcropping (King, 2001). The
Pitkin Limestone was only documented as cropping out on the southern slope. However,
this study discovered both the Wedington Sandstone Member and the Pitkin Limestone
outcropping on the northern slope. The Wedington rarely outcrops in the Fayetteville
Quadrangle with this being its northernmost extent in the region. The full thickness of
the Wedington could not be determined in this study and it likely pinches out at, or close
to, this location. The Pitkin Limestone was confirmed via a 5-inch thick slab. No other
outcrops could be found, thus supporting the idea that the Pitkin does indeed pinch out at
this location. Also of note is the presence of Archimedes in the Wedington Member (see
Figure 9). Archimedes has typically been described locally only in the Pitkin Limestone,
though it is present in the Chesterian elsewhere. During the establishment of the
stratigraphic column, fossilized plant material was found in a Cane Hill cobble. The
presence of wooded material in a deeper water setting strongly reinforces the idea of a
deltaic influence suggested by the presence of exotic minerals in thin section.
Elevation difference in the units between the two creek beds on the north slope
were approximately 20 feet, suggesting some degree of westward dip to the rocks. There
is no mention of the cave or any fossil beds in the Washington Sandstone and Shale.
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Figure 9—Archimedes fossil found in Wedington Member.
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Plate 1

3b
1a

2a

4a
6b

7b
5a
Samples Labeled “a” were taken from the field. Samples labeled “b” are examples from
the literature. 1-3: Composita (1, 2 at 4x size, 3 at 2x size; 4-7: Dielasma subspatulatum
at 2x size
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Plate 2

8a
9b

10b

11a

12b

13a

14b
Samples labeled “a” are from the field. Samples labeled “b” are examples from the
literature. 8-10: Rhyncopora (8 at 4x size, 9,10 at 2x size); 11-12: Rhombopora (12 at
4x size); 13-14: Septopora (14 at 4x size)
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Plate 3
18a

15a

16b

17a

19b
Samples labeled “a” are from the field. Samples labeled “b” are examples from the
literature. 15-16: Amplexus corrugatus (15 at 2x size); 17-19: Delocrinus (17, 18, 19 at
2x size)
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Plate 4

20a

21b

23b
22a

25b
24a
Samples labeled “a” are from the field. Samples labeled “b” are examples from the
literature. 20-21: Acrocrinus pirum (20, 21 at 2x size); 22-23: Perimestocrinus pumilis
(22, 23 at 2x size); 24-25: Echinocrinus (24 at 4x size, 25 not to scale)
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Plate 5

26
27b

28a

29a
30b

Samples labeled “a” are from the field. Samples labeled “b” are examples from the
literature. 26-28: Straparollus (26 at 3x size, 27,28 at 2x size); Paladin (29 at 2x size, 30
not to scale)
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Photos from the 1888 survey display a much thicker outcrop than is currently
present. Today, large slabs form piles near the outcrops with massive blocks broken off
down slope. It is very likely that these slabs broke off after the 1888 survey resulting in a
more recent exposure of the fossil bed.
Many of the organisms present in the fossil bed can occupy a wide variety of
environmental niches; strength of the currents, salinity, and depth are all variable for even
a single organism. Because of this, each genus was compared based on these factors as
well as temperature of the water, turbidity of the water and preferred bottom composition.
Two of the crinoid genera, Delocrinus and Perimestocrinus, were fragile
organisms and required calm, non-turbulent waters. Rhombopora also occupied calmer
waters. However, it should be noted that, as filter feeders, some level of flow would be
expected. The coral Amplexus also required non-turbulent waters. The brachiopod
Rhyncopora was described as occupying deeper, and thus calmer, waters. The other two
brachiopods, Composita and Dielasma, were found in both turbulent and non-turbulent
waters. The same is true for Acrocrinus, Septopora and Straparollus. Interestingly, the
crinoid Acrocrinus was characterized as present in more turbulent waters with large
sediment loads. However, this goes against the trend of the other 11 genera present
suggesting that this is an outlier. This is further supported by the presence of interlocking
quartz grains seen in thin section. Interlocking quartz grains are the result of dissolution,
a process only occurring in tranquil waters. All of the genera present, with the exception
of Perimestocrinus, have been described as occupying warm, clear waters tropical in
nature. Perimestocrinus is a part of the Type II assemblage, calling for cold water.
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However, Perimestocrinus also shares a niche with Delocrinus indicating that waters for
Pennsylvanian Washington Mountain were also warm and clear and that Perimestocrinus
could tolerate both warm tropic seas and colder ones.
Straparollus and Dielasma both occupied hypersaline reefs. Composita,
Septopora, Rhombopora, Delocrinus, and Echinocrinus are described as living in
euryhaline environments. Salinity tolerances for the other four genera are not noted.
This makes it reasonable to assume that the waters of Carboniferous Washington
Mountain were between normal for ocean water and slightly saline. In a similar manner,
Straparollus, Echinocrinus, Delocrinus, Amplexus, Septopora, Rhombopora, Dielasma,
and Composita all occupied sea floors consisting of a limey mud. This is supported by
the silty, calcareous sandstone composition of the upper facies of the Cane Hill were the
fossil bed is located.
Many of the fauna identified were common to shallow water settings.
Echinocrinus, Perimestocrinus, and Paladin have all typically been attributed to deeper
water communities. However, it is not unheard of to find Paladin in shallower waters
rather than the edge of the continental shelf and Perimestocrinus is also known to occupy
shallower environments. All genera identified were commonly found in off shore
environments. Despite occupying shallow water environments, Acrocrinus, Dielasma
and Delocrinus were described as occurring below the wave base. Moore described Beiltype assemblages that included Dielasma, Septopora, Rhombopora, Straparollus,
Delocrinus, and Paladin as occurring at 20 meters (1964). Also of note is that Beil-type
communities received regular clastic influx and Acrocrinus occupied a sea floor
smothered with sediments. This suggests some degree of periodic influence from a
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deltaic system. This is further supported by the presence of exotic minerals such as
zircon, plagioclase, and muscovite and the fragments of phyllite, a metamorphic rock,
when Cane Hill sediments are viewed in thin section.
The genera present tend to occupy shallower waters far from shore. Even species
that more commonly occupied deeper waters are still often present in shallower
communities. This is consistent with the large, shallow sea that occupied the modern-day
Gulf of Mexico during the Pennsylvanian. And while the majority of genera could
subsist in turbulent waters, more fragile organisms such as crinoids suggest calmer
waters. These, along with deeper water occupants like Paladin, imply that the water
depth was perhaps greater than 20 meters. As the majority of the organisms present were
most prevalent in far-shore environments it is unlikely that the site was located in a nearshore environment, though the site very likely received regular influxes of sediment from
a nearby deltaic system to support the filter feeders in the community. As a whole, the
fossil bed is characteristic of a transgressive marine community, likely part of a Lower
Reef Slope community (Figure 10) as described by McKerrow (1978) or a Beil-type
assemblage as described by Moore (1964).

Conclusions
In summary, Washington Mountain was a deltaicly influenced, shallow, clear
water marine community during the early Pennsylvanian. The depth of the sea was likely
around 20 meters. The interbedded sand and siltstone and shales of the Cane Hill, as well
as the fossil community, are characteristic of a marine transgression and indicate that
Washington Mountain was an appreciable distance on the shelf from the continent. This
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is consistent with previous interpretations of the area (Frezon and Glick, 1959). The
invertebrate community occupying this area consisted largely of bryozoans, brachiopods,
and crinoids alongside the occasional gastropod, trilobite, and rugose coral. Of the
genera identified, the filter feeders fed off sediments related to a nearby delta. The
gastropods present likely fed on the crinoids or local vegetation, while the trilobite
Paladin served as a scavenger. There is little evidence to suggest prolific plant life or the
presence of vertebrates in this community, though they could not be excluded entirely.
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Figure 10—Lower Reef Slope Community (McKerrow, 1978)
The Lower Reef Slope Community is dominated by brachiopods and
crinoids. A small proportion of the population consists of brachiopods, bryozoan, and
trilobites. Goniatites is also present in some communities.
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